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(54) METHOD FOR PRODUCING PROTEIN BY CELL-FREE PROTEIN SYNTHETIC SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVEDrTo provide a simple 
method for quickly synthesizing a heavy atom- 
substituted protein suitable for the X-ray crystal 
structural analysis for protein, particularly phase 
determination by M AD(multiwavelength anomalous 
diffraction) method. 

SOLUTION: This method for producing a protein 
suitable for its X-ray crystal structural analysis by the nrw 
use of a cell-free protein synthetic system comprising a# 
cell extract liquid, a nucleic acid encoding the protein $ 
and amino acids as the substrate for the protein 
synthesis, comprises synthesizing the protein using the 
above system characteristic in that at least one amino 
acid among the above-mentioned ones is a heavy 
atom-containing amino acid. In a preferred embodiment, 
the above system comprises a dialysis inner liquid and a 
dialysis outer liquid via a dialysis membrane, wherein 
the dialysis inner liquid includes the above-mentioned 
cell extract liquid and the above-mentioned nucleic acid 

encoding the protein, and the amino acids as the substrate for the protein synthesis is included 
in the dialysis inner liquid and/br the dialysis outer liquid. By the use of this method, the rate 
of introduction of the heavy atom-containing amino acid into the protein formed is extremely 
high, and compared to a method for protein synthesis using living cells, the objective heavy 
atom- containing protein can be produced very easily and in large quantities. 
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miter 3 jmoypte < <t & i aasmM^^t? r s 

^^^^©^©BfriasjjiH^^tfT s ywtom 
\i&ifi>pt£ <ife8o set =&«ns i TSMfflia 

im&nzi mamma* >'**K&i&tkifi. mmm* 

[Uses 3 ] iiiI3ffl)iawaS*SA»B. Sfl&tfelffllfXtt 

mnumzMffi Lit *> ©-c * 3 1 b*©:&&. 
«r Lfcttjarawp* fe© s n s c i £^i?fi* 

^2 -4 Mti^PiB«£©^So 

CM*B6] Si)lBS*TK*«> frmfrfMro, ooo—ioo, oo 
[11*^7] Bi)lBSRiffl)ia5'>^f»^fiXS*s > ATPff 
- r ©jffi-£-tf£l%i?fiWS» 1 ~ 6 Mn^fBl8©*& 



t6©P8«*Wft{ci/«fc54r-5 rimvs&wzi #s 
[ooo3] z<DU&.>?s Am^wzicis^x. m&m 

«T©*M*i*-5^>^^K«. t r©*8^C£>tttf37J 

10 £#^3}?;? Jl*. 

[0004] se*. £©£5 fcl^£Sl!S¥^ 1/ 

ri^„ £/c. {t^^ffi©^#(cj:«3£H-{i©T5 
smtphtz*,^?- F©gft^£&oifi«c&o-cv>& 

£9#^fi©*$t,>#>^S£^£c£(;fr&j£jK 
njstt;^©i®w^6«Si6Tsarc*i 0 
20 [0005] 2zs>*?&<Dm*mmffi*tf*>-fimti J 

IfeifeSHgtctb^-CJ: ») §fc*J&X&;m6ft S c £ ctm 
r. ^©^ft^w-c^^^^tc^r), /cofcias 
©SM^#>^st#fc&*7<:w-T?, zmsmnuHti 

(multi wavelength anomalous diffraction ;MA D) j£ 
(Hendrickson, W.A. , Science, 254 , 51-58, 1991#M) 



■fe U >©^*1^-C&^I»*^ 1 — 7 fsjft#>iB*)S©:£&. 

fa*s©#ffi. 

Ho 

[»9l©t*«Kti»!li] 
[0 00 1 ] 

H8TS<b©-r&o, ^c^>M-^H©x^ H ^ft?«Tm© 
•rsfe©-c*^ 0 

[0 00 2] 

m&cD&m §a^©DNA©^»B5^j*^ 
iS{cBB6^tc$n> cne.As©y^AB2^jtff$a*^a 



•SB#ra©@ffi{t * m 5 c i *s-c^r 5 J; 5 (c Aj: -> tc. 
30 [0006] C©X^ H ^««fCC J;* ^>y^R©3i^ 
^jg^^tf^fCl^^, ^>^-^«©«M^Sg}ft^ 
©iii3*5atB9lS©/ca?)JC^-C* <0 . ^ < ©JS^±IB 

fi«3nn>5. ^^^r.>©«toD{c-izu^^ 

[0 007 ] O^LAjT&Sf,. ^*fflia5rffll,^c»13R-C 
•feU>'^9 1 ^>©?S^ifffl)}a#ti©/c»?)(C. 

40 ^si©»3Ra35«^«:e< . s/ciijs^-feU'^^? 1 *- 
fc. 

[0008] C©«fc 9'«cmB(C^L. ^^i-fb^W 

&mt'X7-A.<Dm$ki!fi'M#>htlT:^2> <.m%.l£. Scienc 
e 1988, 242, pH52-ll£4, #P33p4-20039O^^$R^# 

m.) . c©MfiBsa5f>^-^K^^^^A«. ^©® 

50 e»«©«R»*AIJgPSrt«c8li)»^. Sltb/c^K 
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[0009] coymm^^^^n-^wshit. mmx& 

&3&>ofcfc#^©j£ffl:Wg£ftTt,>fc#s. 
^KJ:9^SnfcaWi££fflC>-5^&fc (#192000 

U^OUC £ -C^*5|6]± L T # fc. 

c o o i o ] o^b^*sp,. MJi^ig^gi^^-r 

•5t§^t«> £>>^M£»^B©5)i$^^©Sifc&# io 
©i&3e#«&E.^eiir&&fca?> > ft9fflia*»**fte 

^l!8?#T£fT-5fcf8£kJ:&< . ■^©£>/n-*R'mdS 
M-?©^A^ i>*tcttftx * o fc„ 
[00 11] 

* > v < 2 ft©X i£i&iU$£f$#r . #(CMA DSK <t 
[0012] 20 

«tr^A$riIf*i#A 3 ttfcSSiSflf© £ >-rc 

u c*i6CD»m«:»"^t>r*»?i*®a-rsfcBir> 30 
[0013] -r&foti. iwiaatfifflfi. 

mmmx l/c * >^ * st ©iSis^&tc & <, >t . me 
r 5 ys©<i>& < i <s> 1 m&mmtt-gtsT 5 ->grc& 
9. ^•rs*>^ - i'S->.©BuiBaM j f : &^ti'T 5 sm 

40 

[0014] #»JI©#* l/t»JB«HC*jl»r . JdBftftiH 
6 fltttS ft. ±iB»fflW^i. ±e»'<2' 

/&SW4 or©r $ ^«*38WrtiRscf/x»tjaiWfiK 
BX«^«©ifBsafl&HiMr*o > _hieAMBifflia»m?s 

». AHMS 3 0fiBJSffla?fc£«ffiU/cfc©#SSlC*?3: 
[0015] #»»©»c#* tA»jW»c*i,»T. ±fB 50 



S£&fc©£3fc&-*-St£#-C#-5. *fc, ±IBj§*fJg. 
«. #Hj^fiio,ooo~ioo,ooo©g#TlgA s $?* L-W 

^7*- r©*E^-t**^*ft.5. 
[0016] *56W©*StC«fc O^AStlSfiM^K 

i,>>2,z±&xgz>. 

[0017 ] -||<C&ttj£(c4Sb»'C. ##£BBtt. ±IB©* 
j£{C cfc 0 £/£3 ftfc * W< 4»H«t»CD±IEaM[-?*^tf T 

[0018] 

m R N A ©tit $8 &m&IR-? X V V- A±T jf>W& 
^©HtirfeHt^. 

[0019] ±nmmmmm^ urt*. y^y-A. t 

~&.umwmm tux »se*^n© & ©win fe^fflBite 

ffcffi*S«. HeLalfflia. c h offliasc;ffi^0 
sftiweh. #tc*i§ffiEfrfc©fc© (mayyi 

MS 3 Omsmmm) X«l«SSf^BCThennusthennoph 
i1us)fi3fe©fe©*JJftl,^^S?rff S.r&tcfcl^TSS U 

&AmffiS3 0MfflmmiX> *J§Ma19 (rna, me 
t) , BL21, BL21 star, BL21 codon plus^^^<=>^D 
©^ffi (Pratt, 3.M. et al., Transcription and tran 
slation -a practical approach, (1984), pp. 179-209, 
Henes, B.D.iHiqqins, S.3M. IRL Press, Oxford 
#J80 tCS£o-Cilii-C#€.L. *St^«Promeqatt-?>Nov 

[0020] #>&?>mvmmm&> ±&&Mmmtum& 

j^ffiJtxfc^© (JSUT riSffifflja«ItB«[j 4c»5. ) t? 

feic^b, *«sffi©fe© out rmmmmmi 
4«c«fcu, «t»)Wr»f >^*sr^jsai»j»&n*-. c© 

^. IHg<0K^lr»tt. a^l.5f&J£Lh. »$U<«2fS 

JBLhr**. AHBa*©«8Ba}aniig©»^. 

»Cxt?i. 5 ~ 7 ««JL P E GtUBtTl. 5- 5 ®&Lt*X 
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0<S©?m&#^t&r&SCNakano, H. et al . ,±i§# 
M). PEGftlSCCiS^SrCJ*. «fflBa}ffll±J?S«:PEG 

EURO. cn^a©ig»?S«:^-rc£(cj;Osgiliiffl 

«. IB£^Xtt8Bf^»ttBB«^-ClBlWllltfl**attTrt 

&£0. S«tM («A»^f-*IH#1000r-14 > 000) 

0 xfflmmctt 0 r aiWfcfT 9 c £ tc <fc r> c £ 

cc-ca«Hi4K«. ttM*y>-A. em-*? 

EG 8 0 0 0) , i'ai/it^P^t F 'J 

>**tt^JdB«£# (mtfsK*»JMW>Ficon) ^ 

[002 1 ] ^WKOSt-Ctt. affffi**H*«C«B?r 

»* rTSB£ -r sa«H«^- or swf «tc^£n£ * > 

A*M^jjgaS{c*tOrjt«f*tf5^rar*0, 

■&c£j&*r#s. 

[0022] ±IBSWrt«(C«. 3 0^©jgli® 

$aiaasffitB[ (io~9ofifi%) office, mtfioit^iirw 

ta-HfSDNAXttRNA (mRNAf), ATP 
(0.5~5mM) . GTP (0.05^0. 5nW) . CTP (0.05 
~~0.5nM) . UTP <0.05~0.5mM) . T 
5^M. RNa s eEDH. IRHBH. £B(CJ:9RNA 
fe? (DNA£il32£-r-5W#) &DHRNA 
tSte^CisPr**. ATPH^*. #!lx 

^I/>^ij3-;Km«PEG#800 0), 3\5% 
cAMP. ^JS(0.1~5nM). ®7C#J (M^.«l~10mM 
©y^XU-f I—-*) ««d&e£#T-*&. —77. 

aw^jStt. ±Ea#frt«fflia*>&. w&fAim rn 

asePIW^iJ. DNAX&RNA&O'RNAtf 
[0023] Jfii5?££ Ittt, #J;UiHepes-K0H. Tris- 

5 >®tS^**{£fflri*. ft«#J£ 0TlJ75?{fc*- h'll "5 
S£ l/tMl,>S»$iCBR NA* 5— tf*RJ6»ic 

[ 0 0 2 4 ] #369itC*iC>-C. ATPSt«4l/T«*f 
*0< WO.02~5MC|//iL©^UT5 : ->*^--fe' (CK) 
£l0~100rrMZ>2 U7f>*X7 h (CP) 



-a-asw^na**. cntcfiB3Ssn-5feor«*<. fie 

Wittfo~20BMCD*X*X^ i -*tr>l'''<-- h (PEP) 
£0.01~lMp/<xL(DfJl/fcf>^+±-H2 (PK) ©ffi£- 

&mmm njt&r * -5 . cn^p k&u* e k imn t> a 

DP*ATPCCSS-J--&B3Rr*D. -£ft^ftPEPfc 

[0025] :$£!P!TH£3ft&$:><r'C?)tt2. ffig© 
«>©**»£ O. £»©&©X«fr»©fc©£^t?. S 
10 ff5©^>A^g>£3- K-r-SMKttDNA-CfeRNAr 

©*s*flic>rjfia-rsc<b*sr#-5. cdna?^ 

7'J-f*>e.»»if) i'P-WtbfcDNAt 
&Al>. Cft&©«lHiOfcDNA*>c DNAgO 

< »yy a 7 ^ ^ >; -ztm. £ or p c Rffitct 0 if 

r & o fcft^K * * — ^© f o -x >; jf <t V> 5 

20 [0026] *5BW©SS««:*>t>r«. S«?JS©rtgP«: 
±IBS«W^^. *©^tC3tfftiK&Aftfc. K©# 
^MRJWciecr WjWB**- 0r«PSt>pJffc £~T £B§« 

i*j«xttw** hmm- *> c £ as-cs sss^s** 
* 0 < «3rc-rs>s*i. iKS»i^a**©a<*«im^$- 

[0027] ±SB2«W^fiK. Sl£aK©fiT3WBa»6- 

30 ti&nft-c. tf*afe©£?afesn*c£55saso^. 

Ufc. a«f)K©^SI®W* J io,ooo^h>€:iS^^^ 
©. »* 0 < B«J50,000^l' h >RZf^ti&i±<Di><Oi 

«^rs»^». ?>/>*e'ii©*sa*igtcji?»*c£ 
*sr#s. 

[0 02 8 ] sHBRtcasl'Ttt. ±EJWffllS*>^i'W 
^^«C». ±ia*ffl8afflai^£<ife«:SM^- i £^tf7'5 

SSI©T5 ^^r*9. C©^%©ii>&< £fcl®*JS 

40 tJtSLCanonialous scatterinq^SC 3 -£5 fe©r*tltf 

(I). ife(Fe)X«-feU>CSe)^i&Jffll>?»tl. #KMAD 
ffi{cSO/c5f>^^i'«*$!!JS'r-5IStCtt. *8t(Hg). -fe 
0>CSe). ^CFe)^*i^5!ir*^. Sfc. Ctt6©«m 

^SJXW*©SHK#r*titff5J-CfeAl^. fldRc^>M 
W5i£<D®B 3 U-felz/y^t- O ^ 

^Xf-^>«rffl«,>4££*J»S0« f ». C<a6-feU>4^ 



(S) 35812 0 0 2-2 6286 7 
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[0029 ] *%m<o—mimmt ox-t^ss (DmrnxmrnAmmc z^^zmmxDmmzz'? 

Ct#T#4. aSJnS(i v 3^0.5-3.0 nMD^-C, [0034] *S B ^fc{Cffl(,^a^Ji l/Tfci:, «6KT> 

»*t<«0.8~1.5 mMDjgS-C*5„ ^-'i'ACCMi.^SQ,). h U ^ A (Na, SO, X Sffc 

[o 03 o] z<j>&5iz&m&.*WL*)TLkmzzsrt9n a clicix y>»^ p^ac^to, :>#©&-?>. 

=frfl3C>T*§Jiffc<MT 5C£tCj:9. &£©*£HCnative y£y-,>l/, x£y-.»K ^'Jif 

mm^mmm^^itx^^mviicis^x. ms [0035] xmshi?w«, ^jfeSjy±#t&cMAD) 

^iS^CCJi. Jg^OSM-^IalMggligB^iilg-rSCi 3*7fr!p6©e>ft-5o.3~3.oA©i&«-C*S. MADS 

[003 1 ] $fPJ©^0CJ:9l^3ft;fc*>^W gJ&£H*»e>. ^©^StCjc^XJ^lHlfiT^-^^S 

*<D*M^^tyr 5 smcmxmt, m^zzy** -trmx&z. x,«i^*M^©s^i©^i!S-cx^© 

n%.vmm?z-£tsTzsWi<Dmmic£-?x&fmrj;2> SfSuc^^D. cntcj;-,-c^>^^s(7>«jg»#T-c 

iimw4>& < 1 1> 8 0 »*0<H90 XElfc. ©fifflM^<£^T^ C £ **-C£ S„ C ©;frz£©JIII» 
WiC0^V<it9 5%SiUiQMXmi^C6i)iX^ 20 ■TXiC-&<frt> ! mP,ftX^tc&. ?fcgnJ^-C*£~»* 

2>o rigA^j £«> W*.tf. ll^t?7 a h >&S*M£©a:giK:j: -,t$&jdt *>^^a©«^ 

5^®£t,THzI^.*^*->£ffiI,>fct§^K:«:. «£ 5tCfc »h HendricksoniE>#C©# 

^•5'»^*©^^^^>gia©cf3-c-fe^yy^^x> StcJ:-5rW*r^>>'N-^®©«ig|gwmiftb/c (He 

&C«fc-3TM&3n?ct!te-£-t,>t,\ Wa^ffiS^/Xli ndrlckson W.A. et al . , Proteins 4, 77-88, 1988& 

7 5^MHi^«l£©^©;fr&CtJ;D#ffi-r£C£ 3 &i £f v Hendrickson W.A. et al., EMB0 J. 5, 1665-1672, 

-C#5„ SMT-ISMB&ifSil©*— 0 . Jliff&X 1990#M) o 

n^rnxf-^Mn-t^tc^kt. mm^omx^m io o 3 6 ] ^>^p ho>sjc*f7fei«, wmvyytc 

[0032] £££bfc*w^S©HStt. am©X^^^BJ:0 hmibx%n,>x.*>v 

ofrMtbb^xm&rzmmwmomRumMv&mtc 30 swjs^w^©»his^ms5(W^^ 

$ >^^»©tt»(CI&Dre!*fir*D©fe©^#&«CX« [0 03 7 ] 

■7h^7^- HPLC Sm^Sft. i'DvF?*-*^ X$>2>&. XftmicZZOmtfeMlcmfeZtlZ'bCDXWj: 

>#m<mm<ow&*m-fz>c.tifiX'*?>. t,>. 

* K©|HJSRO'5£Stt> ffittjfJS. ^S^WiiJ^. [0038] [HKstflJ 1 ] AUiffiS 3 OffltH^^ffl^/c 
3*to*BS. r^i^fcj:-,!, ^CcjSCT^Jli 40 fc$fleS2>^ff^J&i£K:J:&-fe u^y ^^->^ARa 

1f>:^U£Jfc&l/&#6?T5C s»>^**K©^ 

[003 3] mmUtcZl/^tnOfe&itte. XmmS 3 0«tHJ®tt> Zubav^CAnnu. Rev. Ceneti. 

ZWm&CDmM&Z'&tilCTl-fXmQi&B&.lcm-rZ* 7, 267-287, 1973)©#£iC6£-?-C. *-)lSBL21 codon 

5&fi^&»©;*£CCj;DfT5C£as-C#, C©J:5fr plus**J&>6i«0fc. 

#&£0T{i, g#rj£, a£Stf£ffcfe ^9^j£. efiW [0 03 9] 2>^*ff£j&5Jt;»£ (®tJrrt&) «TIB 

mitWai, ig*§&, SS&JlSS^a^tfetlS. 00^. ©^1 «:^Lfcia^©^2.UnL(C > Ras£>^ft©£6 

tf. affl^ai;Tffi»(Cj:oT»^tt© 31-<^$--CS>.5.pK7-Ras CKigawa et al . , J. Bionol. 

^^maUas&S&T&J^fcL^T**. ZZs^tt NMR. 6,129-134, 1995)*13m ggSflQU S(C±faA^ 

s^?s*5tt^ij®vs<t©A«,>/c-e^mtetj!-r5c itcj; as 3 oMmmmm&o.smmimisx *>.>-<i>M<D-£fs l 

0. ^>^*^»?SSttfc©S'Jrigg*s^«:il5S-pTia^n 50 ®t^Tr>/c„ 
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[0040] 



Hepes-KOH (pH7. 5) 


58 nM 


DTT 


1.8 nM 


ATP 


1.2 nM 


GTP 


0.87 nM 


CTP 


0.87 nM 


UTP 


0.87 nM 


L- (-> -5—5, 6, 7, 8-"r V J Va 


35 m g/mL 


9 U V ^ AMP(cAMP) 


0:64 nM 




28 nM 




200 nM 


sHyni^V^^y =2— 7V8000(PEG8000) 


4.0% (w/v) 




81 nM 




11 nM 




£-1 nM 




1 nM 




0. 05% 




0.25 At g/mL 


T7RNA#y^5*— £ 


0. 27 mg/mL 


RHT~i?IM#J (Toyoboftgl) 


0. 5 D/mL 



(SW^) ©«!&»> .kiBfU© 

iffij&fr 6 ^ ur > * ^— fe\ t7rmv1< ^ - 

[0 04 1] •fel//y^->©»ttt, ±12Ras£ 
^^©fS^"** £-t?if!>&pK7-Ras©ttfcD (CCATit 
{KT-^tfpKT-CAT (CAT^g^^ — ; Kim et al.,Eu 
r. J.Biochan. 239 , 881-886, 1996#M) ; &fl3Vfc3VC 

S«Shaw6 ©53 ffi (Methods Enzymol. 735-755, 1975# 

•*\ ifai.oo t*gg©atm&c t&ftftitc. 
[0042] 3 mL©SW^«:*fb-C30mL©SW^iffi 
^r^fflU 3rCf6^rBl. Spectra/Pbr 7(Spectrumtt 
H)«HIC>ranf «ff ft 5 C i (C «fc T Ras£ >^ ^ff-£ 

(Source 15CDSO'-i r '^?SiS5' 07h^77^- 
(Superdex 75) (Cj: OffiiS SD5# UT ? V )VT 5 F 
yju^mMcKKsos-PACE)K:-c * >;-^fC*6@i©i&E£tf 

ixfc. 

[0043] S/c. lzl>SS?-*~><DmAm*m'<*> 

[ 0 0 4 4 ] 0 2 fcti, iiB^fSJCj: *)ff £*l/c-te U ^ 
^ >gARas* *ft<fc -fe Is S y 
ttj:i,»Ras^y^^'Mt<Dm&^^mbtc. Ras£>^" 

2 mt H-^m***^. Mt2titci>(D t * >i> 5 ;HbS n 

Ti>&t>k©©2a&#?¥&u ^-ti^n^*©Mft 

^2-?©^-^ (fl^-fi. 19. 494. ORtflS, 522.0) 



10 

feS,*!* (S2 (b) #JH) '. *fc'. Ras*>A*f?«: 
«4 0©^?:*^>^«»5?r&-r£/c«\ #A3ti/c-fe 

l/y^i ^^->©<lit*s— S-Cftwn«^M©S& £ 

$&© f - ^*s*itB ^ ssm&ifib z>. v u &** 

02 (a) SC<£*i«, -tzlsSjt?*~>mAf<asZ>'* 
?«<Dm&£mic*s\,^: fcifB*^ 5 ;Ht©Wfc&ic.J: 6 
2o©£-?L*'#iaj;**-i-r\ L*»t>Cia6©^-a 
(^FS. 19,662.0&tfl9,709.0) ©iiftj« 4 -?©5IS3t 

10 4o©y^it^>®»©-r-~<TJ5J-fel'^^9 L ^-^->t?g 
(D J ?*~>%m<D 5 *>'J>t£ < t i> 9 5 %i^±*i-te U ^ 

[0 0 4 5 ] 0ISS^2] -feUyy^-^zSARas^ 
>^fS©*S^t 

±f2HS6Pdl©^K:J:ti«MO/c$>^^»?:0.2 M 
20 m^tDVis^M.^ 0.1M h 'J«?A(pH6.5). 

S.O'18% PEG8000?g^{C^S? L/. » > ^ F O 5» 
«KS5rSKJ;«9. •feP^^^^^>^ARas^>^^S 
©ghfUt^fo/c, ±I2^>^^K^M*0.2 Mft^* 
^•JA, 0.1 M i3nis)\,&i~ Y !) «5A(pH6.5). SC^l 
8% PEG8000^©^t#T. mM®&?rC -»^ > **> ^FD 
srfffitCfcD. 20°C-C2BraS5cgl//ciC5ia3K:^L, 

[0 04 6] GMk«3] X«g*S^W«:J;?.Ras^> 
^^K©itf*1Sigft?*T 
30 HS6M2-CIHS?L/cM B ^ffl<,\ WSgl^OAS 
WtMdtcM&Spri np-8(8CeV)© tf- A^ 1 > (BL44B2)5C J: 

-ray Absorption Fine Structure)SISCCJ:5Ras5'>>' - ? 
^^(Tj-fe U>M-?©{t^^tt^^L,fefe©-C* 
C©iS^6. •feb>^(C^W©igSiC*j(,»TX 

[0047] ^SISS»ii!(MA D <fc if - ^© 
Jtmu. ±IBX«g?Rj|x*ffl^©-r-^«:S^»r. 4 

40 !K!©i&g (0.979251A, 0.978815A, 0.97H48ASy r 
0.986604A) -Ctfofco fittB^S^^SS©^ 
fj v DENZO/SCALEPACK (Otwirowski, Z. and Minor, W. , 
Macromol.Crystallogr., A276 , 307-326, 1997#ff8X 
SHARP (de la Fortelle, E. , Irwin, 3. J., and Bricoq 
ne, G. Crvstalloqr.Canput., 7, 1-9, 1997#M). Sha 
ke-and-Bake (Miller, R. , DeTitra.C.T. , Jones, R. , 
Lanqs, D.A. , Weeks, CM., and Hauptman, H.A. Scien 
ce, 259, 1430-1433, 1993#M). SOLCMDN (Collaborat 
ive Computational Project Number 4, Acta Crystalloq 

50 r. , D50 , 760-763, 1994#MX 0 (Jones.T.A. , Zou.D. 



C7) 



0 0 2-262867 



11 

Y. , Cowan ,S.W. , and Kjeldqaard, Acta C ry stall oq r. , 
A47, 110-319, 1991#M)> (Brunger.A.T. et 

al., Acta Crystal! ogr. , D54 , 905-921, 1998#M)© 

3{CjKL/fc„ a2#>6tt. mS&WZK.te^Xteis s * 5=- 
^-^l&SrfT ->/cRas^>^^K©S B ^CSel*t-RasCC 
F))#. ^JJS«^ffllia'C*«^^l/IS^fcLfcfeC!> (R 
as (in vivo)) RUMM®t»'*? , g'&J8MV-b US J * 



12 

*^*->«^$rfTt>-r«:^b*S&fb^fcfe<D(Ras (C 
F))<blU-©^^fS^5£|^^U. 

S b re 4 ^©ifiSic » Z> iiOS 9 - £ *tk U fc„ 
[0048] 



Ras(in vivo) Ras(CF) 



SeMet-Ras(CF) 



StfifiSE (space group) 


P6522 


P6522 


P6522 




83 


83 


83 




103 


103 


103 


R-sym 


0 


0 


0 


(2. 02-2. 00) 


0 


0 


0 


5fe£t£ (Comp 1 e teness (%) ) 


1 


1 


1 


(2. 02-2. 00) 


1 


1 


1 


#J£^(multLprisity (a/b)) 


15 


16 


19 


S^ft^I (uni que ref 1 ect ions (a) ) 


14692 


14678 


14558 


observed reflection 


219513 


232493 


271633 


l/o 


9 


9 


17 



[0 04 9] 



X 3K [ft3] MADffifcJrSXgOSilfi^^-* 



#A¥fi&fcS8| (Resolution range (A) 
fflfefcfftifc (Measures ents) 
t&tL&Jftffr. (Unique reflections) 
5£:£f±(Coapleteoess(%)) 

</>/<* co> 

Rsy»Cn ft) 

ffcte&£H&" (Phasing statistics) 
(20-2A) 

Mean figure of merit 

Kcull is (dispersive) 

Rcull is (anooalous) 

tiLtUBZfcjj (Phasing power) 

Refinement statistics 

Rcryst(Kfree)<90 

rasd bond length (A) 

rnsd bond anglesC ) 

rasd impr oper* C ) " 



0. 979251 
(edge) 



0. 978815 
(peak) 



0. 971148 
(remotel) 



0. 988604 
(retaote2) 



20-2 20-2 20-2 20-2 

274641 219328 276044 271022 

14539 14566 14547 14539 

99.6(99.8) 99.5(98.5) 99.6<100) 99.2(84.7) 

19.6 19.6 19 19.3 

5. 6(15. 1) 5. 7(14. 8) 6. 1 (16. 7) 5. 3(14. 2) 



0.7 



23.8(28.3) 

0. 00541 

1. Ii043 
0,70115 



0. 7181 
0. 63 
0.62 
1.92 



0.56 
0. 58 
2.24 



0.67 

0. 95 

1. 77 



[0 05 0] C<D£5KLXMfci;tc^Us 
Has £ Is ' * ^SOift^S* ?>\> (Ras-GDP(Cel 1 -fh=!e)) 

CDP(in vivo))ii:t^Lr05W:^Lfcc C(D0#>6, 

[005 1 ] 

[»»©»*] *»W©^a*liU* c i tc i o TSir 
&LtcWM*mkte£k<Dftmm&fcmi s mad 

[0 0 5 2] C©J:5ttWflB**»OPB««:j:0, flHfi 



40 



J&S£ (D W&Sr^T it * &o 
[023 Ml5a^>/^K^^r^L/tRas^>/^ 
^icD^^^Ccr^^f^r&^o (a) Wr-teW 
y^**->*»A0fcRas*>>>**». (b) te-feL- 

[S3] S®^«=Tr^^bL/cRas^>^^MCDteBi 

[04] -feU^^^^^>«:^ORas^>>'^^^MSO 



C8) 



^20 0 2-2 62 867 



[HI] 




CTL OBO lOO 120 147 



mm 2002-262867 





70.00 
60.00 
50.00 
40.00 
30.00 
20.00 
10.00 
0.00 



A vs ln(ChA/ChB) 




0.97400 0.97600 0.97800 0.98000 0.98200 0.98400 

A 



Cio) 



1tPI200 2-2 6286 7 



to&)\imffi%im3.&M&m 1-7-22 
»^ji|j»^TfjismK*iAi8r 1 - 7 -22 '% 



F 4B024 AA20 BA80 CA02 DA20 

4B064 AG01 CA02 CA06 CC30 CW01 

4B065 M01X M72X ACL4 CA24 

• V ; ;;V , x /; / i ; :cA41 CA44' • ,; : . 

4H045 AAlO AA20 BA10 FA70 CA10 



